Eps15 and Eps15R are related tyrosine kinase substrates, which have been implicated in endocytosis and synaptic vesicle recycling. Through the protein:protein interaction abilities of their EH domains, they establish a complex network of interactions with several proteins, including Numb, a protein necessary for neuronal cell fate speci®cation. We analyzed the expression of Eps15 and Eps15R during murine development, at the time of active neurogenesis. The most striking difference was at the level of subcellular localization, with Eps15 present in the cytosol and on the plasma membrane, while Eps15R exhibited mainly a nuclear localization. Interesting topographical differences also emerged. In the 12.5 days post coitum neuroepithelium, Eps15 was expressed in the ventricular zone, which contains proliferating neuroblasts, whereas Eps15R was found only in postmitotic neurons. Conversely, both proteins were expressed in sensory and cranial ganglia. At later times, the expression of Eps15 and Eps15R was widely maintained in neuronal structures. In other tissues, Eps15 was ®rst seen in the liver primordium and at low levels in choroid plexus, lung, kidney and intestine; later on the expression was maintained at high levels in epithelia. Nuclear staining of Eps15R was present in kidney, intestine, lung and liver, as well as in heart and pancreas. q
Introduction and results
Eps15 and Eps15R are modular proteins characterized by the presence of three copies of the EH (Eps15 Homology) domain (Salcini et al., 1997; de Beer et al., 1998) . EHcontaining proteins are implicated in the organization of subcellular structures and vesicle sorting Santolini et al., 1999) . Both Eps15 and Eps15R play a role in receptor-mediated endocytosis and synaptic vesicle recycling (Santolini et al., 1999) . A possible role for Eps15 and Eps15R in neurogenesis is suggested by their EHmediated interaction with Numb (Salcini et al., 1997) , a protein involved in neuronal cell fate (Jan and Jan, 1998) . Despite interaction in cultivated cells, no in vivo animal data is available that would support co-expression of Eps15 (or Eps15R) and Numb in the same cells during the critical time frame of neuronal development, a necessary prerequisite for further investigations of the potential role of Eps15 and Eps15R in neurogenesis.
Expression in neuronal tissues
We looked at the expression of Eps15 and Eps15R in developing telencephalon at 12.5 days post coitum (dpc). Eps15 was con®ned to the basal (germinal) layer of the ventricular zone where it was stably maintained until 14.5 dpc (Fig. 1A) . In contrast, Eps15R was restricted to postmitotic neurons at both time points (Fig. 1B and data not shown). Eps15 displayed a cytoplasmic and membrane bound staining (Fig. 1A, inset) , whereas Eps15R expression appeared nuclear (Fig. 1B, inset) . It is of note that Numb is asymmetrically distributed in dividing neuroblasts within the basal layer of the ventricular zone, where Eps15 is expressed (Zhong et al., 1996 (Zhong et al., , 1997 Wakamatsu et al., 1999) .
Neuronal expression of Eps15 and Eps15R at 12.5 dpc was also evident in cranial and spinal ganglia where Eps15 displayed a pronounced cytoplasmic staining that extended along the spinal roots (Fig. 1D) . Axonal staining for Eps15 www.elsevier.com/locate/modo appeared even more evident at 14.5 dpc, especially in the axons that originate from the trigeminal ganglion and innervate the whisker pad (Fig. 1F ). Eps15R appeared predominantly nuclear with clear sparing of the axons (Fig. 1G ).
Transverse sections of the spinal cord at 14.5 dpc revealed weak staining of motoneurons for Eps15 and Eps15R (black arrows in Fig. 1E,H ). In addition, Eps15R stained a subpopulation of cells of the gray matter where no staining for Eps15 was detected (white arrows in Fig. 1E ,H). Eps15 and Eps15R were also detected in the nasal epithelium, the auditory vesicle, and the choroid plexus (data not shown). In addition, at 12.5 dpc staining for Eps15R within the¯oor of the diencephalon and in Rathke's pouch was observed (data not shown). At 14.5 dpc the ganglion cells of the retina displayed nuclear staining for Eps15R exclusively (Fig. 1I) .
Double immuno¯uorescence for neuro®lament heavy chain and Eps15 con®rmed the axonal staining in the trigeminal nerve of 14.5 dpc embryos ( Fig. 2A,B) . Likewise, confocal analysis of immuno¯uorescence for Eps15R combined with the nuclear dye TOPRO-3 showed unambiguously that Eps15R is localized in the nucleus (Fig.  2C,D ).
Expression in non-neuronal tissues
Eps15 and Eps15R were expressed in a variety of developing tissues. Remarkable differences were detected in their subcellular localization and topographical expression (Table 1) . Eps15 staining was mainly membrane associated (lung, kidney, intestine) and less frequently cytoplasmic (liver, heart). At 14.5 dpc Eps15 showed a stronger membrane-associated staining in epithelial cells of tissues Fig. 1 . Expression of Eps15 and Eps15R in neuronal structures. Panels (A±C) display transverse sections of the neuroepithelium of 14.5 dpc embryos. Note the strong membrane associated staining for Eps15 in the germinal layer (panel A: arrowheads and inset). In contrast, Eps15R immunoreactivity is restricted to postmitotic neurons of the cortical plate (panel B: arrowheads and inset). Preabsorption of the anti-Eps15 antibody (C) or anti-Eps15R (not shown) completely abolished the staining. In (D±I) stainings of other neuronal structures is depicted for Eps15 (D±F) and Eps15R (G±I), respectively. Eps15 staining in spinal ganglia from 12.5 dpc embryos appears cytoplasmic (D, inset) and axonal (D, arrow). In contrast, staining for Eps15R in spinal ganglia is nuclear (G, inset) with clear sparing of axons (G, arrow). In transverse section of 14.5 dpc embryos motoneurons show immunoreactivity for Eps15 and Eps15R (black arrows in E and H, respectively). Note that cells of the gray matter stain for Eps15R but not for Eps15 (white arrows in H and E, respectively). (F) Whisker pad in sagittal section of an 14.5 dpc embryo. Note the prominent axonal staining for Eps15. The inset shows innervation of a whisker pad by an Eps15 positive axon bundle from the trigeminus nerve. (I) Eye in a sagittal section of a 14.5 dpc embryo. Eps15R expression is restricted to the ganglion cell layer of the retina and appears nuclear (inset). Scale bars represent 0.05 mm.
with a high exo-/endocytic rate such as pituitary gland, pancreas, choroid plexus, kidney, lung and intestine, (Fig.  3A±C) , where, in contrast, Eps15R immunoreactivity was mainly nuclear (Fig. 3D±F) . Finally, expression of Eps15R was not restricted to epithelia but also present in the pulmonary and intestinal mesenchyma and in smooth muscle cells (Fig. 3F and data not shown) . In the kidney all major cytotypes showed nuclear immunoreactivity for Eps15R, whereas membrane-associated staining for Eps15 was evident mainly in collecting tubules (Fig. 3A,D) .
Materials and methods
Immunohistochemistry was performed on 7 mm sections of paraf®n-embedded 12.5 and 14.5 dpc embryos using the VectastainABC Elite kit (Vector) according to the manufacturer's instructions. Af®nity-puri®ed polyclonal antibodies for Eps15 and Eps15R were used at 5±10 mg/ml. Speci®city and lack of cross-reactivity of these antibodies has already been reported (Fazioli et al., 1993; Coda et al., 1998) . In addition, preabsorption with a 5 molar excess of the immunizing antigen completely abolished the staining (Fig. 1C) . The monoclonal anti-Neuro®lament 160 (clone NN18, Sigma) was used at 25 mg/ml. Antigen retrieval by partial digestion with proteinase K (Boehringer Mannheim) greatly enhanced the signal and was performed routinely. Nuclear counterstain was performed with Hematoxylin (Gill's formula, Vector). Note that Eps15R expression is not restricted to epithelia but is also evident in smooth muscle and mesenchyme. Abbreviations: cd, collecting duct; ep, epithelium; gl, glomerulus; PPr, pancreatic primordium; sm, smooth muscle. Scale bars represent 0.05 mm.
